SEMICONDUCTOR MEMORY SYSTEM AND METHOD FOR MULTI-SECTOR 

ERASE OPERATION 



This application relies for priority upon Korean Patent Application No. 2003-21969 
5 filed on April 8, 2003, and Korean Patent Application No. 2003-79510 filed on November 
11, 2003, the contents of which are herein incorporated by reference in their entirety. 

Field of the Invention 
The present invention relates to semiconductor memory technologies and more 
10 particularly, to semiconductor memory systems fabricated in multi-chip packages operable 
with multi-sector erase operations therein. 

Background of the Invention 
A flash EEPROM (electrically erasable and programmable ROM) cell is formed with 
1 5 including a floating gate and a control gate. Such a flash memory cell is erased by 

discharging electrons of the floating gate to its substrate through an F-N tunneling effect 
when a high negative voltage is applied to a control gate of the memory cell. A flash 
memory cell array is normally divided in a plurality of sectors (or blocks) by the unit of 
bulks. Thus, memory cells includes in a sector, sharing one bulk, are contemporaneously 
20 erased in a time, which is called "sector erase" in general. 

Receiving commands and sector addresses for sectors to be erased, an internal address 
counter increments an address value in sequence to designate the erasable sectors. Such a 
function to contemporaneously erase a multiplicity of sectors is called as a multi-sector erase 
operation. 

25 The multi-sector erase operation, basically, needs registers with the same number of 

the sectors to be erased, and means to erase the sectors in response to the determination a 
current sector is an erasable sector in correspondence with the incrementing address. 

A typical feature of the multi-sector erase scheme is illustrated in FIG. 1, for 128 
sectors as an example in a single chip. The 128 sectors are assigned to sector addresses SAO 

30 ~ SA127. In this embodiment, it is assumed to designate the sector assigned to the address 
SA3. 

An erase command and an address for a sector to be erased are supplied from an 
external controller. The external controller may supply a single address to erase a single 
sector or a plurality of addresses to erase a plurality of sectors in a time, which is referred to 
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as "multi-sector erase" in a single chip. Such an address supply for the erase operation is 
called as "sector loading". 

FIG. 2 shows a functional construction for a single multi-sector erase operation in a 
single chip. A memory cell array 60 is also composed of a plurality of sectors. A register 10 
5 stores addresses of sectors to be erased. A counter 30 generates sequential addresses in 

response to an address count-up signal ACNT. A control circuit 40 generates an erase enable 
signal EE when the sector address held in the register 10 is identified to a sector address 
provided from the counter 30, while generating the address count-up signal ACNT when the 
two addresses do not accord with each other. A core driver 50 carries out an erase operation 
10 for a sector designated therein in response to the erase enable signal EE. 

FIGs. 3 and 4 illustrate a procedure of the multi-sector erase operation in a single chip 
shown in FIG. 2. 

Referring to FIGs. 3 and 4, first, an erase command and a sector address (e.g. SA3) 
are introduced by way of an external controller. With the input of the erase command, the 

1 5 sector address SA3 to be erased is stored in the register 10. The register 10 is assigned to the 
sector each by each. The register 10 corresponding to the sector to be erased is set to "1" 
(binary digit), which informs the predetermination for erasing. 

The multi-sector erase operation begins with an activation of an erase busy signal EB, 
together with the input of the erase command and sector address. At the beginning of the 

20 erase operation, the control circuit 40 initiates the address counter 30 on "0", which means all 
address values of the counter 30 are set to "0" (step SI 1). For instance, assuming that the 
memory cell array 60 is composed of 128 (27) sectors, all bits of the sector address SA[6:0] 
are set to "0". Next, the control circuit 40 generates a sector checking signal SC to determine 
an advance for a sector whose address is compared to the sector address (e.g., SA3) stored in 

25 the register 1 0 (step S 1 2). 

From the first sector address SAO, as the first sector address SAO is not identical to 
the assigned sector address SA3, the control circuit 40 generates the address count-up signal 
ACNT to increment the sector address by the counter 30 (SI 5). Along the increment of the 
sector address, the control circuit 40 keeps checking out the sector address next to next. If a 

30 sector address supplied from the counter 30 is identical to the sector address SA3 held in the 
register 1 0, a sector loading signal LS is transferred to the control circuit 40 from the register 
10. The sector loading signal LS makes an erase enable signal EE generated from the control 
circuit 40. The erase enable signal EE enables the core driver 50 to carry out an erase 
operation for the sector SA3 (step SI 3). In step SI 4, if a current sector address from the 
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counter 30 is not the last one, it goes to the step S15 to increment the address value. The 
current sector address form the counter 30 reaches to the last one (e.g., SA127), the counter 
30 generates a sector address finalizing signal FSA to be transferred to the control circuit 40. 
Then, the control circuit 40 generates an erase finish signal EF to terminate the erase 
5 operation for the assigned sector SA3. 

Meanwhile, multi-chip packages are becoming standard in the IC industry because of 
increased device packing density, in which a plurality of semiconductor IC chips are 
fabricated with interconnections. A multi-chip memory package embedding a plurality of 
semiconductor memory chips acts as a single memory system having a large storage capacity 

10 of twice or more, which is advantageous to reducing manufacturing costs as well as to 
adapting for larger storage applications with smaller device volumes. 

When the flash memories composed of a multiplicity of sectors and operable in the 
multi-sector erase modes are fabricated in such multi-chip packages, it needs to implement 
the multi-sector erase operations for the sectors of the flash memory chips contained in such a 

1 5 multi-chip memory package. 

Summary of the Invention 
Therefore, the present invention is directed to a memory system configured in a multi- 
chip package including a plurality of memory chips with a multi-sector erase function. 
20 The present invention provides a memory system having a plurality of memory chips, 

comprising: an address clock driver for generating an address clock signal in response to a 
current chip signal and an address count-up signal; a counter for generating an address 
including a chip information and a sector information; and a control circuit for generating the 
address count-up signal with reference to that the sector information corresponds to a sector 
25 to be erased. 

The control circuit has a chip selection information to check the sector information 
when the chip selection information is identical to the chip information of the counter. An 
output of the address clock driver is conditioned at a high impedance state when the chip 
selection information is different from the chip information of the counter. The chip 
30 selection information is established by a hard-coded option. The counter generates addresses 
in sequence. The chip information of the counter corresponds to a most significant address 
bit. 

In the another feature of the present invention, a memory system having a plurality of 
memory chips comprises: a memory cell array constructed of a plurality of sectors; a register 
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circuit for storing a loaded sector information about a sector to be erased; an address clock 
driver for generating address clock signals contemporaneously for the chips in response to a 
current chip signal and an address count-up signal; a counter for generating an address 
including a chip information and a sector information; a control circuit for generating the 
5 address count-up signal and an erase enable signal with reference to that the loaded sector 
information corresponds to the sector information of the counter; and a core driver for 
carrying out an erase operation for a corresponding sector in response to the erase enable 
signal. 

In the another feature of the present invention, a memory system having a plurality of 
10 memory chips comprises: a first bus for transferring control signals; a second bus for 

transferring address and data signals; and a plurality of memory chips connected to the first 
and second buses. Each memory chip comprises: a memory cell array constructed of a 
plurality of sectors; a register circuit for storing a loaded sector information about a sector to 
be erased; an address clock driver for generating address clock signals contemporaneously for 
15 the chips in response to a current chip signal and an address count-up signal; a counter for 

generating an address including a chip information and a sector information; a control circuit 
for generating the address count-up signal and an erase enable signal with reference to that 
the loaded sector information corresponds to the sector information of the counter; and a core 
driver for carrying out an erase operation for a corresponding sector in response to the erase 
20 enable signal. 

The control circuit has a chip selection information to check the sector information 
when the chip selection information is identical to the chip information of the counter. 

The present invention also provides a method of erasing multi-sectors in a multi-chip 
package including a counter, a control circuit, and a register circuit, the method comprising 

25 the steps of: initializing an address of the counter; determining whether a chip information of 
the counter is identical to a chip selection information of the control circuit; determining 
whether a sector information of the counter is identical to a loaded sector information of the 
register circuit when the chip information of the counter is identical to the chip selection 
information of the control circuit; erasing a sector corresponding to the loaded sector 

30 information when the sector information of the counter is identical to the loaded sector 

information; and terminating the multi-sector erase operation when an erased sector is the last 
sector. 

When the chip information is different from the chip selection information, the 
address is incremented if a currently counted address is irrelevant to the last sector while 
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terminating the multi-sector erase operation when a currently counted address is relevant to 
the last sector. The address is also incremented when the erased sector is irrelevant to the last 
sector. 

The present invention will be better understood from the following detailed 
5 description of the exemplary embodiment thereof taken in conjunction with the 
accompanying drawings, and its scope will be pointed out in the appended claims. 

Brief Description of the Drawings 
A more complete understanding of the present invention may be had by reference to 
10 the following description when taken in conjunction with the accompanying drawings in 
which: 

FIG.l is an illustration of a multi-sector erase scheme in a single chip; 
FIG. 2 is a functional block diagram for executing a multi-sector erase operation in a 
single chip; 

15 FIG. 3 is a timing diagram of a multi-sector erase operation in a single chip; 

FIG. 4 is a flow chart of a multi-sector erase operation in a single chip; 

FIG. 5 is a block diagram of a semiconductor memory apparatus as constructed with a 
multi-chip package, according to the present invention; 

FIG. 6 is an illustration of a multi-sector erase operation in the multi-chip package 
20 shown in FIG. 5; 

FIG. 7 is a functional block diagram of a single chip embedded in the multi-chip 
package, for executing the multi-sector erase operation shown in FIG. 6; 

FIG. 8 is a circuit diagram of address clock driving circuits shown in FIG. 7; 

FIGs. 9A and 9B are circuit diagrams of the first and second flag generators shown in 

25 FIG. 7; 

FIG. 10 is a timing diagram of the multi-sector erase operation in the multi-chip 
package shown in FIG. 5; and 

FIG. 1 1 is a flow chart of the multi-sector erase operation in the multi-chip package 
shown in FIG. 5. 



30 



Description of the Preferred Embodiment 
The numerous innovative teachings of the present application will be described with 
particular reference to presently preferred exemplary embodiments. However, it should be 
understood that this class of embodiments provides only a few examples of the many 
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advantageous uses of the innovative teachings herein. In general, statements made in the 
specification of the present application do not necessarily delimit any of the various claimed 
inventions. Moreover, some statements may apply to some inventive features but not to 
others. 

5 Hereinafter, the embodiments of the present invention are exemplarily applicable to a 

flash memory (or flash EEPROM) including a memory cell array divided into a plurality of 
sectors as units of erasing. Also is assumed that a memory system of the multi-chip package 
is constituted of two flash memory chips as the plural number although it is available to 
include more chips therein by the technical implications under the present invention. The 

10 number of sectors in each flash memory chip is assumed to be 128 (27). 

Referring now to the drawings wherein like or similar elements are designated with 
identical reference numerals throughout the several views and wherein various elements 
depicted are not necessarily drawn to scale. 

FIG. 5 illustrates a semiconductor memory system fabricated in a multi-chip package 

15 operable with a multi-sector erase operation, including two flash memory chips 100 and 200. 
The two flash memory chips 100 and 200 have the same storage capacity and internal 
structure, sharing a control bus 300 and an address bus 400 in the multi-chip package as a 
single. The control bus 300 and the address bus 400 will be connected to a memory 
controller (not shown) out of the package. For the multi-sector erase operation, each flash 

20 memory chip has a register circuit (1 10 or 210), an address clock driving circuit (120 or 220), 
a counter (130 or 230), a control circuit (140 or 240), a core driver (150 or 250), and a 
memory cell array (160 or 260). Although other components in the flash memory chip are 
not disclosed in this embodiment, it may be properly understood they are comprised therein 
as a matter of course to carry out its own functions such reading, writing, and verifying as 

25 well as erasing. 

Assuming each sector in the flash memory chip has the capacity of 512 Kb (for each 
of 128 sectors), the memory system of multi-chip package is regarded to as being a single 
storage device capable of storing 128 Mb data (64 Mb + 64 Mb) of 256 sectors. If the 
package is organized with four flash memory chips of 64 Mb, the memory system of multi- 

30 chip package has the storage capacity of 256 Mb. 

In FIG. 5, an address clock signal ACLK is applied to the address clock driving 
circuits 120 and 220 respectively of the flash memory chips 100 and 200 in common. The 
practical feature of operation associated with the address clock signal ACLK will be 
described later. 
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Referring to FIG. 6, the whole 256 sectors of the memory system over the flash 
memory chips 100 and 200 are arranged in the order of sector addresses SAO ~ SA255. The 
first 128 sectors assigned to SAO - SA127 belong to the memory cell array 160 of the first 
flash memory chip 100, while the second 128 sectors assigned to SA128 ~ SA255 belong to 
5 the memory cell array 260 of the second flash memory chip 200. The loaded sectors for 
erasing are for example SA3 and SA130 respective to the chips 100 and 200. The erasing is 
carried out in the sequence from the first chip 100 to the second chip 200, responding to an 
activation of an erase busy signal rising when the erase command and the address of sectors 
to be erased are introduced into the memory system. Initializing an erase operation may be 

10 permissibly designed by means of an internal timer that determines a stating time of erasing 
after completing an input of the last sector address to be erased, or by using the erase 
command supplied from the external controller as well. 

FIG. 7 shows functional interrelations between the elements in the first flash memory 
chip 100 as a representative. The second flash memory chip 200 has the same circuit 

15 structure with the first one 100. 

The register circuit 110 includes 128 registers corresponding to the 128 sectors. Each 
register is assigned to each sector, receiving its corresponding sector address SA provided 
from the counter 130. Thus, the information about which sector is to be erased is determined 
by states of the registers assigned to the sectors. For instance, the register assigned to the 

20 sector of SA3 is set on "1" to erase the sector of SA3, while other registers are set on "0". 
The register circuit 110 applies a sector loading signal LSI to inform the control circuit that 
the address of the predetermined sector to be erased is loaded in its corresponding register 
therein. 

The address clock driving circuit 120 generates the common address clock signal 
25 ACLK and a first address clock signal ACLK1 in response to a current chip signal CC1 

which are supplied from the control circuit 140. The common address clock signal ACLK is 
coupled to the address clock driving circuit 220 of the second flash memory chip 200 as well. 
The first address clock signal ACLK1 is applied to the counter 130. 

The counter 130 increments address values in response to the first address clock 
30 signal ACLK1. The address values output from the counter 130 includes a chip address CA 
as well as a portion of the sector address SA. 

As an example, the chip address CA is provided to distinguish the chips 100 and 200 
in the erase operation. As the number of the chips in the multi-chip package of the memory 
system is two as an embodiment, the chip address CA is formed of one bit ("0" or "1") as an 
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MSB in the bit stream of the address generated from the counter 130. Therefore, the address 
from the counter 130 is composed of one-bit chip address CA (SA[7]) for the two chips and 
seven-bit sector address SA[6:0] for the 128 sectors. If the multi-chip package contains four 
flash memory chips, the chip address CA will be formed of two bits. 
5 Such bit compositions of the address would be easily designed in accordance with the 

numbers of chips and sectors. In a general feature, a memory system of multi-chip package 
with 2M-numbered chips and 2N-numbered sectors per a chip may need an address of M+N 
bits. 

The counter 130 is initialized by a reset signal RS applied from the control circuit 140 

10 and forwards a final address informing signal FSA to the control circuit 140. The chip 

address CA is applied to the control circuit 140, while the sector address SA is applied to the 
register circuit 110 and the core driver 150. 

The control circuit 140 initializes the counter 130 by means of the reset signal RS in 
response to an erase busy signal EB. Such initialization for the counter is contemporaneous 

1 5 for all the counters 130 and 230. The control circuit 140 applies a current chip signal CC1 to 
the address clock driving circuit 120 when the first flash memory chip 100 is selected by the 
chip address CA (e.g., CA=SA[7] = u 0") to be put into the erase operation. The current chip 
signal CC1 makes the address clock driving circuit 120 to activate the first address clock 
signal ACLK1. When SA[7] = 0, the other current chip signal CC2 in the second flash 

20 memory chip 200 is disabled (the second chip 200 is selected for erasing when SA[7] = 1). 

The control circuit 140 generates a sector check signal SCI to check out a sector 
address provided from the counter 130 is identical to the pre-designated sector address SA3 
stored in the register circuit 110. If a counted sector address is different from the sector 
address SA3, the control circuit 140 enables the count-up signal ACNT to increment an 

25 address value of the counter 130. If a counted sector address is identical to the sector address 
SA3, the control circuit 140 activates the erase enable signal EE1 in response to the sector 
loading signal LS 1 . 

The erase enable signal EE1 generated from the control circuit 140 enables the core 
driver 150 to conduct an erase operation for the sector designated by the address SA3. The 
30 core driver 150 supplies a high voltage for erasing all memory cells of the designated sector 
of the memory cell array 150, in response to the erase enable signal EE1 and the 
corresponding sector address SA3. 

The control circuit 140 is further associated with flag generators 141 and 142. 
Referring to FIG. 9A, the first flag generator 141 makes a signal MULTI informing whether 
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or not the flash memory chips 100 and 200 are configured to constitute a multi-chip package. 
If the chips are included into the multi-chip package as a single memory system, the signal 
MULTI is set to "1" by keeping a fuse Fl connected to the power supply voltage VDD (not 
blown out). Otherwise, if either the chip 100 or 200 is to be utilized as a single chip, the 
5 signal MULTI is set to "0" by blowing the fuse Fl out. 

The second flag generator 142, referring to FIG. 9B, makes a signal TOP informing 
which one of the flash memory chips 100 and 200 assembled in the multi-chip package has 
the priority in the sequence of the multi-sector erase operation with reference to the address 
mapping. If the flash memory chip 100 is determined to be the first one to be erased, the 
10 signal TOP (i.e., a chip selection signal) is set to "0" by blowing a fuse F2 out (as the case of 
the present embodiment). But, if the flash memory chip 200 is to be determined to be the 
first one, the chip selection signal TOP may be set to "1" by maintaining the fuse Fl without 
the blowing-out. 

The bit number of the chip selection signal TOP will be variable in accordance with 
15 the number of the chips included in the multi-chip package as a single memory system. For 

instance, when four flash memory chips are assembled in the multi-chip package, the signal 

TOP will be composed of two bits for ordering the priority of erasing with the four chips. 

The flag generators 141 and 142 may be formed with other kinds of optional elements such as 

hard-coded bonds (i.e., bonding options). 
20 FIG. 8 illustrates circuits of the address clock driving circuits, 120 and 220, 

respectively included in the first and second flash memory chips 100 and 200. The circuital 

structures of the chips 100 and 200 are identical each other. 

The clock driver 120 of the first flash memory chip 100 is constructed of a driver 121 

and a buffer 122. An output terminal 170 of the driver 121, from which the common address 
25 clock signal ACLK is generated, is shared with a driver 222 of the second chip 200. The 

common address clock signal ACLK is driven into the first and second address clock signals 

ACLK1 and ACLK2 each through the buffers 122 and 222. 

In the driver 121 of the first address clock driving circuit 120, the first current chip 

signal CC1 is input to a NAND gate 123 and a NOR gate 125 through an inverter 124. The 
30 address count-up signal ACNT is also input to the NAND gate 123 and the NOR gate 125. 

An output of the NAND gate 123 is coupled to a gate of a PMOS transistor 126 connected 

between a power supply voltage VDD and the output terminal 170. An output of the NOR 

gate 125 is coupled to a gate of an NMOS transistor 127 connected between the output 

terminal 170 and a substrate voltage (or a ground). The buffer 122 is formed of inverters 128 

Patent Application 9 Docket No. 4591-390 

Client No. ID 13225-US 



and 129 those are serially connected from the output terminal 170. The inverter 129 outputs 
the first address clock signal ACLK1. 

In the driver 221 of the second address clock driving circuit 220, the second current 
chip signal CC2 is input to a NAND gate 223 and a NOR gate 225 through an inverter 224. 
5 The address count-up signal ACNT is also input to the NAND gate 223 and the NOR gate 
225. An output of the NAND gate 223 is coupled to a gate of a PMOS transistor 226 
connected between the power supply voltage VDD and the output terminal 170. An output of 
the NOR gate 225 is coupled to a gate of an NMOS transistor 227 connected between the 
output terminal 170 and a substrate voltage (or a ground). The buffer 222 is formed of 
10 inverters 228 and 229 those are serially connected from the output terminal 170. The inverter 
229 outputs the second address clock signal ACLK2. 

Now, referring to FIGs. 10 and 11, the procedure of the multi-sector erase operation 
in the embodied multi-chip package as a single memory system will described. FIG. 10 
illustrates signal timings and FIG. 1 1 summarizes sequential flows of the multi-sector erase 
1 5 operation with the flash memory chips 100 and 200 in the multi-chip package. In the 

operation, as aforementioned, it is assumed that the chip selection signal TOP is "0", the chip 
address CA is SA[7] = "0", and the sectors to be erased in the chips are assigned to the 
address SA3 and SA130 in the chips 100 and 200 respectively, which means the order of 
erasing is arranged from the first flash memory chip 100 to the second flash memory chip 200 
20 as shown in FIG. 10. 

First, when the erase busy signal EB is enabled in response to the input of the erase 
command and addresses to be erased, the control circuit 140 generates the reset signal RS, as 
a pulse, to contemporaneously initiate the counters 130 and 230 (S21 of FIG. 11). 

Next, it determines whether or not the chip selection signal TOP is identical to the 
25 most significant address bit SA[7] (S22). Unless the chip information TOP matches with the 
current chip address CA (=SA[7]=0), i.e., TOP = "1", it goes to S25. 

As the chip selection signal TOP is identical to the chip address CA, i.e., SA[7]=0, the 
comparison between the counted address and the loaded sector address S A3 is conducted in 
S23. During this, the sector check signal SCI is generated with active pulses every sector 
30 address in the first flash memory chip 100 to check out each counted address is identical to 
the loaded sector address SA3. 

From the sector checking, if a currently counted address is not the loaded sector 
address SA3, the count-up signal ACNT enables the counter 130 to resume an address count- 
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up operation in S26 after confirming the currently counted address is the last sector address in 
the S25. 

With respect to the address count-up operation by the counter, referring to FIG. 8, the 
address count-up signal ACNT is applied to the NAND gate 123 and the NOR gate 125, 
5 together with the first current chip signal CC1 that is being active with a high level ("1") at 
present while the second current chip signal CC2 for the second chip 200 is inactive. As the 
PMOS and NMOS transistors, 126 and 127, are turned on and off, respectively, the common 
address clock signal ACLK is enabled with a high level and thereby the first internal address 
clock signal ACLK1 is enabled with a high level as well as the second internal address clock 
10 signal ACLK2. While this, as the second current chip signal CC2 is inactive with a low level, 
both the PMOS and NMOS transistors, 226 and 227, are turned off to make the output 
terminal of the driver 221 conditioned at a high impedance state. The reverse case (CC2 is 
active while CC1 is inactive) in the address clock drivers is as same as the former 
mechanism. 

15 Returning to FIGs. 10 and 1 1, in S23, if the currently counted address is the sector 

address SA3, the sector loading signal LSI is enabled to activate the erase enable signal EE1 
and thereby the erase operation is carried out for the loaded sector of SA3 in S24. The 
address count-up range for the first flash memory chip 100 is from "00000000" ( SAl)to 
"01111111" (the last sector address SA127). When the counted address reaches the last 

20 sector address, the erase operation for the first flash memory chip 100 is terminated. 

As illustrated in FIG. 10, while the first flash memory chip 100 is being taken into the 
sector erase operation, the control circuit 200 of the second flash memory chip 200 does not 
generates its own sector check signal SC2 and erase enable signal EE1. However, if the 
counted address reaches the last sector (i.e., SA127 = "01 1111 11"), the operation turns to the 

25 second flash memory chip 200 because the address changes to "10000000". That is, SA[7] 
corresponding to the chip address CA transitions from "0" to "1", as shown in FIG. 10, which 
is assigned to the second flash memory chip 200 under the erase order as pre-assumed. 

By the changeover of the erase operation from the first chip 100 to the second chip 
200, the aforementioned operation illustrated in FIGs. 10 and will be carried out for the 

30 second flash memory chip 200 as same. The address count-up range for the second flash 
memory chip 200 is from "10000000" ( SA128)to "11111111" (the last sector address 
SA255). During this, the current chip signal CC1, the sector check signal SC2, the sector 
loading signal LS2, and the erase enable signal EE2 are active while CC1, SCI, LSI, and 
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EE2 are being inactive. When the counted address reaches the last sector address SA255, the 
erase operation for the first flash memory chip 100 is terminated. 

As described above, the present invention provides a memory system configured in a 
multi-chip package including a plurality of memory chips with a multi-sector erase function. 
5 Although the preferred embodiments of the present invention have been disclosed for 

illustrative purposes, those skilled in the art will appreciate that various modifications, 
additions and substitutions are possible, without departing from the scope and spirit of the 
invention as described in the accompanying claims. 
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